Abstract. As a light-weight structural material, magnesium alloys show good potential in improving the fuel efficiency of vehicles and reducing CO2 emissions. However, it is well known that polycrystalline Mg alloys develop pronounced crystallographic texture and plastic anisotropy during rolling, which leads to earing phenomenon during deep drawing of the rolled sheets. It is vital to predict this phenomenon accurately for application of magnesium sheet metals. In the present study, a crystal plasticity model for AZ31 magnesium alloy that incorporates both slip and twinning is established. Then the crystal plasticity model is implemented in the commercial finite element software ABAQUS/Explicit through secondary development interface (VUMAT). Finally, the stamping process of a cylindrical cup is simulated using the developed crystal plasticity finite element model, and the predicting method is verified by comparing with experimental results from both earing profile and deformation texture.
INTRODUCTION
Magnesium and its alloys, like most Hexagonal Close Packed (HCP) structure metals, are characterized by highly anisotropic mechanical behavior at and near room temperature due to texture and the wide variety of deformation mechanisms. Two types of deformation mechanisms, slip and twinning, generally take place in Mg and its alloys during plastic deformation. There are typically two deformation twin modes for Mg: one is the c-axis tension twinning and the other is the c-axis compression twinning [1] . Tension twinning is the most common twin type in the rolled AZ31 magnesium alloy sheets. This twinning mode can only be activated by tension but not by compression in the c-axis direction [2] [3] [4] [5] . In addition, basal <a> slip, prismatic <a> slip, pyramidal <a> slip and pyramidal <c+a> slip are all the potential slip systems. Since which slip or twinning systems are active during deformation is not clear, it is difficult to describe the plastic behavior adequately by the classical plasticity theories. Crystalline plasticity based on the microscopic nature of plastic deformation, can be used to accurately describe the plastic anisotropy mechanical properties, and to analyze the texture evolution during plastic deformation. So far, many efforts have been made to incorporate deformation twinning into the finite element (FE) simulation of HCP metal forming processes [6] [7] [8] [9] [10] [11] . In the present study, a rate independent crystal plasticity model [12] [13] [14] is proposed for simulation of plastic forming of magnesium alloy sheets.The overall plastic strain is defined as the weighted summation of slip and twinning [15, 16] ; The contribution of twinning to the grain reorientation is treated according to the PTR scheme [6] . The "successive integration method" proposed by Takahashi [17] is used to calculate the plastic strain increment. In order to incorporate the model in FE simulations, a user material subroutine (VUMAT) was developed and implemented in ABAQUS/Explicit. Finally, the cylindrical cup drawing of textured AZ31 magnesium alloy sheets is simulated, and verified by comparing calculated earing profile and deformation texture with experimental results.
CRYSTAL PLASTICITY FINITE ELEMENT METHOD (CPFEM)
Due to the limit of paper length, the detail of the crystal plasticity model, which incorporates the rateindependent model originally proposed by Takahashi [17] and the PTR twinning model proposed by Tomé et al. [6] , can be referred to ref. [18] .
A commercially hot rolled sheet of magnesium alloy AZ31 with a thickness of 1.0 mm was employed in this study. Initial textures were measured by electron backscatter diffraction (EBSD) technique, and pole figures are illustrated in Fig. 1 . The strong texture of (0001) basal planes exists as most grains have their c-axes oriented approximately normal to the sheet plane. ) is considered. Since the kinds of deformations and crystallographic textures induced by Pyramidal <a> slip could result from a combination of Basal <a> slip and Prismatic <a> slip [19] [20] [21] , Pyramidal <a> slip is not included in the present paper. In order to establish crystal plasticity finite element method (CPFEM) for large deformation of AZ31 alloy, a series of uniaxial tensile and compressed tests for rolled AZ31 alloy sheet samples are conducted along the RD (Rolling Direction), 45°, TD (Tangential Direction) directions. Then model parameters are calibrated by fitting stress-strain curves and plastic anisotropy r-value during both tension and compression. Experimentally measured and numerically predicted stress-strain curves in compression and tension along the RD are shown in Fig. 2 . It can be seen that AZ31 alloy sheet shows both in-plane anisotropy and obvious tensile-compressive anisotropy. Numerically simulated evolution of r-value during tension together with experimental measurements is shown in Fig.3 . It shows that r-values increase with strain in all three loading directions, and the simulated r-values keep the same tendency with experiments. Accordingly, hardening coefficients for the polycrystal model of AZ31 Mg alloy sheet is listed in Table 1 . 
FEM SIMULATION OF CYLINDRICAL CUP DRAWING
The simulation for cylindrical cup drawing of the magnesium alloy AZ31 sheet is performed using the established CPFEM. The dimensions of tools used in the simulation are listed in Table 2 . A force of 5kN is applied to the blank holder in order to avoid wrinkling. The coulomb friction coefficients between the blank and the punch, the blank holder and the die are prescribed as 0.1. The earing behavior of AZ31 alloy sheet after 30mm stamping distance at 150 is simulated using the CPFEM. The experimental results for deep-drawn cup of AZ31 alloy sheet formed at 150 are shown in Fig. 6 . The deformed configurations of cylindrical cup drawing also possess earings at 45° from rolling direction, similar to simulated results shown in Fig. 4(a) . Fig. 7 shows the experimental pole figures of the deep-drawn cups with its reflecting surface normal to the sheet plane. It can be seen that a large amount of twinning texture appears after deep drawing, owing to compression 
